Two experiments were conducted to determine the effects of sunflower seed supplements with varying fatty acid profiles on performance, reproduction, intake, and digestion in beef cattle. In Exp. 1, 127 multiparous spring-calving beef cows with freechoice access to bermudagrass hay were individually fed 1of 3 supplements for an average of 83 d during mid to late gestation. Supplements (DM basis) included 1) 1.23 kg/d of a soybean hull-based supplement (control treatment); 2) 0.68 kg/d of linoleic sunflower seed plus 0.23 kg/d of the control supplement (linoleic treatment); and 3) 0.64 kg/d of mid-oleic sunflower seed plus 0.23 kg/d of the control supplement (oleic treatment). During the first 62 d of supplementation, the BW change was 11, 3, and −3 kg for cows fed the control, linoleic, and oleic supplements, respectively (P < 0.001). No difference in BW change was observed during the subsequent period (−65 kg, P = 0.83) or during the entire 303-d experiment (−31 kg, P = 0.49). During the first 62 d of supplementation, cows fed sunflower supplements tended (P = 0.08) to lose more body condition than cows fed the control diet, but BCS was not different (P > 0.22) for any subsequent measurement. At the beginning of the breeding season, the percentage of cows exhibiting luteal activity was greater for cows fed the control diet (43%; P = 0.02) than for cows fed either linoleic (20%) or oleic (16%) supplementation; however, first-service conception rate (67%; P = 0.22) and pregnancy rate at weaning (92%; P = 0.18) were not different among supplements. No differences were detected in calf birth (P = 0.46) or weaning BW (P = 0.74). In Exp. 2, 8 ruminally cannulated steers were used to determine the effects of sunflower seed supplementation on forage intake and digestion. Treatments (DM basis) included 1) no supplement; 2) a soybean hull-based supplement fed at 0.29% of BW/d; 3) whole linoleic sunflower seed fed at 0.16% of BW/d; and 4) whole high-oleic sunflower seed fed at 0.16% of BW/d. Hay intake was not influenced (P = 0.25) by supplement (1.51% of BW/d); however, DMI was greatest (P < 0.01) for steers fed the soybean hull-based supplement (1.93% of BW/d). Sunflower seed supplementation reduced (P < 0.01) NDF and ADF digestibility while increasing (P < 0.01) apparent CP and apparent lipid digestibility. In conclusion, whole sunflower seed supplementation resulted in reduced cow BW gain during mid to late gestation, but this reduction did not influence subsequent cow BW change, pregnancy rate, or calf performance.
INTRODUCTION
Lipid supplementation or diets high in lipid content have been evaluated as nutraceuticals to determine their potential to improve reproductive efficiency (Williams and Stanko, 2000) . Prepartum oilseed supplementation has been reported to increase , have no effect Geary et al., 2002) , or potentially decrease ) pregnancy rates of primiparous and multiparous cows. Work directly comparing the effects of feeding linoleic and oleic varieties of oilseeds is limited. Lammoglia et al. (1997) reported greater pregnancy rates for primiparous cows fed linoleic or oleic safflower seed diets prepartum compared with those fed a control diet. However, postpartum feeding of linoleate and oleate safflower seed to primiparous ) and 3-yr-old (Lake et al., 2005) beef cows did not influence pregnancy rates. Reduced BCS has been reported for cows fed oleate as compared with those fed linoleate safflower seed . These results suggest that the timing of supplementation, fatty acid profile, and parity may all affect oilseed utilization.
We are not aware of any information on prepartum feeding of oilseeds with varying fatty acid profiles to multiparous cows. However, studies with primiparous cows suggest that prepartum feeding of lipid supplements may influence BW change and pregnancy rates in beef cows. Additionally, these changes may vary depending on the fatty acid profile of the lipid supplement. Thus, the objective of this study was to determine the effects of feeding linoleic and mid-oleic sunflower seed supplements during mid to late gestation on cow and calf performance both during and after the treatment supplementation period. A second objective was to evaluate the effects on intake and digestion of linoleic and high-oleic sunflower seed fed to steers.
MATERIALS AND METHODS

Exp. 1
This experiment was conducted at the Range Cow Research Center, North Range Unit, located approximately 16 km west of Stillwater, OK, in accordance with an approved Oklahoma State University Animal Care and Use Committee protocol.
General. During the winter of 2002 to 2003, 127 multiparous spring calving Angus × Hereford crossbred beef cows were assigned to 1 of 3 different supplements in a completely randomized design. Cows were assigned to supplements so that age (average = 8.8 yr; range = 4 to 13 yr), initial BW (577 kg), and initial BCS (5.04) were similar across treatments.
Supplements (DM basis) included 1) 1.23 kg/d of a soybean hull-based supplement (control treatment; 94.75% soybean hulls, 5.25% wheat middlings); 2) 0.68 kg/d of linoleic sunflower seed and 0.23 kg/d of the control supplement (linoleic treatment; 44% linoleic acid, 44% oleic acid, 4% stearic acid, 6% palmitic acid; SDK Laboratories, Hutchinson, KS); and 3) 0.64 kg/d of mid-oleic sunflower seed and 0.23 kg/d of the control supplement (oleic treatment; 36% linoleic acid, 51% oleic acid, 6% stearic acid, 5% palmitic acid; SDK Laboratories). Supplements were formulated to provide similar amounts of CP, ruminally degraded intake protein, and energy (Table 1 ). The linoleic and oleic supplements included 0.23 kg/d of the control supplement in an effort to eliminate concerns of reduced palatability of whole sunflower seed. In a previous experiment at our location, some reduced palatability was observed when cows were fed a whole sunflower seed supplement (Banta et al., 2006) . The addition of the control supplement eliminated previously observed palatability problems; all supplements were consumed entirely in the current experiment. Each cow was fed its appropriate supplement in an individual stall on Monday, Tuesday, Thursday, and Saturday mornings. The amount of supplement fed on each day was determined by calculating the amount of supplement needed weekly (daily supplement amount × 7 d) and dividing that amount by 4 (e.g., cows receiving linoleic were fed 1.59 kg/feeding).
Treatment supplementation began on December 2, 2002, and continued until calving or February 26, 2003, whichever came first (average supplementation = 83 d; range = 69 to 85 d). During the treatment period, cows were managed as a contemporary group in a single pasture and had free-choice access to bermudagrass hay (Cynodon dactylon; 8.3% CP, 55% TDN, 70.6% NDF, 41.2% ADF, 2.0% crude fat; DM basis; Dairy One Forage Testing Laboratory, Ithaca, NY) and a mineral supplement (24.6% NaCl; 16.8% Ca; 8.7% P; 1.2% Mg; 1,038 mg/kg of Cu; 12 mg/kg of Se; 3,099 mg/kg of Zn; Supplements were fed 4 d/wk; the amount of supplement fed at each feeding was determined by calculating the amount of supplement needed weekly (daily supplement amount × 7 d) and dividing that amount by 4 (e.g., cows receiving the linoleic treatment were fed 1.59 kg/feeding).
DM basis); hay intake was not measured. Diets were formulated to meet or exceed CP requirements (NRC, 1996) . Treatment supplementation was terminated at calving for those cows that calved before February 26, 2003. They were moved to an adjacent pasture, where they were also managed as a contemporary group and given free-choice access to the same bermudagrass hay and mineral supplement and were fed a protein supplement appropriate for lactating cows.
Beginning on February 26, 2003, all cows were managed as a contemporary group and were given access to tall-grass prairie hay, bermudagrass pasture, or tallgrass prairie pasture and a mineral supplement until weaning on October 2, 2003.
Sampling. An experiment timeline, the date each response variable was measured, and the number of cows or calves used for determining each measurement are reported in Table 2 . Individual cow BW and BCS were determined at the beginning of supplementation (December 3, 2002) , after the first 62 d of supplementation before any cows had calved (February 3, 2003) , at the onset of breeding (May 12, 2003) , and at weaning (October 2, 2003) . Cows were weighed 16 h after withdrawal from feed and water. Body condition scores (1 = emaciated, 9 = obese) were determined by the same 2 independent evaluators throughout the experiment.
The 72-d calving season lasted from February 10 to April 22, 2003 (average calving date: March 9, 2003 . Birth weight of each calf was determined within 24 h of birth and all male calves were castrated at that time. Weaning weight was determined on October 2, 2003; calves were weighed without restriction from feed, milk, or water.
Milk composition was determined on March 7, 2003, using 8 of the earliest calving cows from each supplement (Banta et al., 2006) . Cows were selected so that the calving date would be similar among supplements (average calf age = 17 d; range = 10 to 25 d). Additionally, cows were randomly assigned to 1 of 8 time blocks so that milking times for each supplement would be equally represented throughout the sampling period. Because of severe mastitis, data from 3 cows was removed from the milk composition analysis.
A subset of 69 cows was used to determine milk production on April 23, 2003. Cows were selected so that calving date would be similar among supplements (average calf age = 50 d; range = 28 to 72 d). Milk production was determined using the weigh-suckle-weigh technique as described previously (Banta et al., 2006) .
The percentage of cows exhibiting luteal activity at the beginning of the breeding season was determined by quantifying progesterone concentration (Vizcarra et al., 1997) in plasma samples obtained via tail venipuncture 10 d before and again on the first day of the breeding season. Approximately 7 mL of blood was collected from all cows; each collection tube contained 10.5 mg of EDTA. Samples were centrifuged at 2,500 × g for 15 min, and plasma was stored at −20°C until progesterone was quantified. Cows with 1 or more plasma samples containing ≥0.5 ng/mL of progesterone were considered to have luteal activity (Webb et al., 2001; White et al., 2002; Ciccioli et al., 2003 ; interassay CV = 16%; intraassay CV = 24%). Cows were artificially inseminated from May 12 through June 13, 2003, followed by natural mating from June 13 through July 16, 2003, which resulted in a 65-d breeding season. Cows were observed each morning and evening for 1 h to detect standing estrus; all cows exhibiting standing estrus were artificially inseminated approximately 12 h after estrus observation. First-service conception rate was determined by transrectal ultrasonography approximately 30 d after AI. Cows were rectally palpated at weaning to determine pregnancy rate. At weaning, all steer calves were transported to the Willard Sparks Beef Research Center, Stillwater, OK, to determine the effects of mid-to late-gestation cow supplement composition on subsequent feedlot performance and carcass characteristics of their steer progeny. Steers were randomly assigned to pens based on the supplement fed to their dams. A high-concentrate finishing ration was fed for 190 d until slaughter; diets were as described previously (Ross et al., 2004) . Steers were implanted with Component E-S (VetLife, West Des Moines, IA) on d 0 and Revalor-S (Intervet Inc., Millsboro, DE) on d 105 of the finishing period. Feedlot arrival BW, slaughter BW, and ADG were determined for each steer. Steers were slaughtered at Excel Corporation (Dodge City, KS) and chilled for 72 h before collection of data for carcass weight, 12th-rib fat thickness, LM area, KPH, and marbling score. Yield grade was calculated as described by Field and Taylor (2003) .
Statistical Analysis. Cow was considered the experimental unit because supplements were individually fed to each cow. All continuous data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) and the Satterthwaite approximation for degrees of freedom. The models for cow BW and BCS change included supplement as a fixed effect and cow age as a covariate. The models for calf birth and weaning BW included supplement, calf sex, and the supplement × calf sex interaction as fixed effects and calf sire as a random effect. Cow age was included as a covariate in the birth and weaning BW models, and calf age was included as a covariate in the weaning BW model. The model for milk composition included treatment as a fixed effect and block as a random effect; cow and calf age were included as covariates. The model for milk production included supplement, calf sex, and the supplement × calf sex interaction as fixed effects, with cow and calf age as covariates. The model for days from calving to the beginning of the breeding season and days from calving to first AI date included supplement as a fixed effect. The model for feedlot performance and carcass characteristics of steer progeny included supplement as a fixed effect and calf sire as a random effect, with cow age and calf age at slaughter as covariates. When the P-value for the F-statistic was ≤0.05, least squares means were separated using the LSD procedure of SAS (α = 0.05). Least squares means are reported in all tables; overall means in the text are the average of the least squares means except for percentage of cows exhibiting luteal activity, first-service conception rate, and pregnancy rate, which are reported as raw means.
Proportional data were analyzed using the FREQ procedure of SAS and a χ 2 test. A 2 × 3 contingency table was developed for proportional differences among supplements for percentage of cows exhibiting luteal activity, first-service conception rate, and final pregnancy rate. The SE for proportion data was calculated as √P(1 − P)/n, where P = proportion of the variable in question (M. Payton, personal communication, Department of Statistics, Oklahoma State University, Stillwater).
For various reasons (calf death, n = 5; cow death, n = 1; cow injury, n = 2; severe mastitis, n = 1), data from 9 cows and their calves were removed from the experiment. No relationship was apparent between any of these factors and composition of the supplement fed during mid to late gestation. Consequently, only data from the 118 cows that weaned a calf in October were used for statistical analysis.
Exp. 2
This experiment was conducted at the Nutrition Physiology Research Center, Stillwater, OK, in accordance with an approved Oklahoma State University Animal Care and Use Committee protocol.
General. The experimental design consisted of 2 simultaneous 4 × 4 Latin squares; a unique treatment order that balanced for carryover effects was used for each square. At the beginning of the experiment, 8 mature Angus and Angus × Hereford crossbred ruminally cannulated steers (initial BW = 642 kg) were randomly assigned to 1 of 4 different supplements. During the experiment, steers were housed in individual indoor 3 × 4 m pens and had ad libitum access to fresh water.
Animal and Diets. Steers were given ad libitum access to bermudagrass hay by providing 25% (as fed) more hay than was consumed the previous day (Table  3 ). The hay was processed through a hammer mill before feeding. Treatments (DM basis) included 1) no supplement; 2) a soybean hull-based supplement fed at 0.29% of BW/d (94.75% soybean hulls, 5.25% wheat middlings); 3) whole linoleic sunflower seed fed at 0.16% of BW/d (62% linoleic acid, 17% oleic acid, 5%, stearic acid, 7% palmitic acid; SDK Laboratories); and 4) whole high-oleic sunflower seed fed at 0.16% of BW/d (1% linoleic acid, 89% oleic acid, 4% stearic acid, 4% palmitic acid; SDK Laboratories). The sunflower seed fed in Exp. 2 was obtained from a different source from the sunflower seed fed in Exp. 1. The sunflower and soybean hull-based supplements were formulated to provide similar amounts of CP, ruminally degraded intake protein, and energy. The supplements were fed at approximately the same rate as the supplements fed in Exp. 1 and in a previous experiment that we conducted with whole sunflower seed (Banta et al., 2006) . Because preexperiment analysis of hay indicated that CP content was low (5.75%, DM basis), each steer received soybean meal at a rate of 0.03% of BW/d in addition to the treatment supplements to ensure that the N requirements of ruminal microbes were met. Supplements were offered at 0800 h each morning; any supplement that was not consumed by 0900 h was inserted into the rumen via the ruminal cannula.
Sampling and Chemical Analysis. ) in gelatin capsules was dosed intraruminally at 0800 and 1600 h from d 10 through 21 to predict fecal output. Hay intake was measured from d 13 through 19, and fecal grab samples were collected twice daily at 0800 and 1600 h from d 15 through 21. Additionally, ruminal fluid samples were collected on d 21 at 0, 2, 4, 8, 12, and 24 h, beginning at 0800 h before feeding, to determine ruminal pH and NH 3 concentration.
Subsamples of supplements, hay, and orts were dried at 100°C to determine DM. Hay, ort, and fecal samples were dried at 50°C and ground in a Wiley mill (Model-4, Thomas Scientific, Swedesboro, NJ) through a 2-mm screen before analysis. The supplements were also dried at 50°C. The soybean hull-based supplement was ground in a Wiley mill, whereas the sunflower supplements were ground in a household coffee and spice mill (Regal Ware Inc., Kewaskum, WI) to pass a 2-mm sieve. After grinding, supplement and hay samples were composited within period; ort and fecal samples were composited within period and steer. All composite samples were analyzed for NDF, ADF, CP, and lipid content (Table 3) . Neutral detergent fiber and ADF content were determined using an Ankom Fiber Analyzer (Ankom Technology, 2005a,b) . Crude protein was determined using a Leco NS-2000 Nitrogen Analyzer (Leco Corporation, St. Joseph, MI). An ether extraction procedure with a preextraction acid hydrolysis treatment was used to estimate lipid concentration of samples (Servi-Tech Laboratories, Dodge City, KS). The preextraction acid hydrolysis was included because of the potential for Ca soaps formed in the hindgut and excreted in the feces to affect the determination of fecal lipid concentration.
Chromium concentration of fecal composites was determined on an inductively coupled plasma spectrophotometer (ICP Spectro Analytical Instruments, Fitchburg, MA; Williams et al., 1962; Choat et al., 2002) . Apparent DM, OM, CP, and lipid digestibility as well as NDF and ADF digestibility and digestible OM intake (OM intake, kg/100 kg of BW × OM digestibility) were calculated for each steer. Additionally, the partial digestion coefficient for supplemental fat was calculated for each of the sunflower seed supplements by using the following equation (Grummer, 1988) :
[(fat intake from whole sunflower seed − fat intake from the soybean hull-based supplement) − (fecal fat output from whole sunflower seed − fecal fat output from the soybean hull-based supplement)]/ (fat intake from whole sunflower seed − fat intake from the soybean hull-based supplement).
Ruminal fluid samples were collected from the center of the ruminal mat and strained through 8 layers of cheesecloth before analysis. Immediately after straining, pH of ruminal fluid was determined and 9 mL of strained ruminal fluid was acidified with 1 mL of 1 N HCl and frozen until analyzed for NH 3 . Ruminal NH 3 concentration was determined colorimetrically on a Beckman DU 530 spectrophotometer (Beckman Instruments Inc., Fullerton, CA; Broderick and Kang, 1980) . Statistical Analysis. Intake and digestibility measurements were analyzed with a model appropriate for simultaneous Latin squares using the MIXED procedure of SAS and the Satterthwaite approximation for degrees of freedom. Supplement and period were included as fixed effects in the model. Additionally, square and steer nested within square were included as random effects. Ruminal pH and NH 3 concentration were analyzed with a model appropriate for simultaneous Latin squares with repeated measures by using the MIXED procedure of SAS and the Kenward-Roger approximation for degrees of freedom. Supplement, period, time, supplement × period, supplement × time, period × time, and supplement × period × time were included in the model as fixed effects. Square and steer nested within the period × supplement interaction were included as random effects. Additionally, steer nested within the period × supplement interaction was included in the repeated statement, and an autoregressive covariance structure was used to account for the relationship between the repeated measures. When the Pvalue for the F-statistic was ≤0.05, least squares means were separated using the LSD procedure of SAS (α = 0.05). Least squares means are reported in all tables; overall means in the text are the average of the least squares means.
RESULTS AND DISCUSSION
Exp. 1
Cow BW and BCS. Length of the treatment supplementation period was not different among treatments (83 d; Table 4 ). In this experiment, there were no refusals of sunflower supplements. Mixing a soybean hull-based pellet with the sunflower seed apparently eliminated palatability problems that were previously observed when whole sunflower seed was fed to gestating beef cows (Banta et al., 2006) . Supplement composition influenced (P < 0.001) BW change during the first 62 d of the supplementation period, before any cows had calved. The BW change was 11, 3, and −3 kg for cows fed the control, linoleic, and oleic supplements, respectively (Table 4) . However, during the subsequent period from before calving to the beginning of the breeding season, no difference in BW change (−65 kg) was observed among supplements (Table 4). Additionally, no difference was detected in cow BW change among supplements from the beginning of the breeding season to weaning (30 kg) or during the entire 303-d experimental period (−31 kg). Initial (5.03; P = 0.80), precalving (4.92, P = 0.53), prebreeding (4.76, P = 0.51), and final BCS (4.94; P = 0.73) were not different among supplements. Furthermore, BCS change during the 303-d experiment was not different among supplement treatment groups (−0.09; Table 4 ).
Differences in BW gain among treatments were observed only during the precalving weigh period, which included the first 62 d of the supplementation period.
The lack of differences in BW gain among treatments during the next weigh period (i.e., precalving to prebreeding) is likely explained by the fact that on average cows were supplemented only during the first 21 d of the 98-d period. Any differences attributable to treatment during the first 21 d were likely diluted out over the remaining 77 d of the period.
The greater gain in BW observed during the first 62 d of supplementation for cows fed the control compared with those fed sunflower seed supplements may be explained by reductions in voluntary forage intake, reduced forage (fiber) digestibility, or incomplete or inefficient use of supplemental energy by cows fed sunflower seed supplements. Howlett et al. (2003) and Scholljegerdes et al. (2004) reported that diets high in lipid concentration reduced fiber digestibility of forage-based diets. Furthermore, Jenkins (1994) suggested that supplementing diets with more than 2 to 4% added lipid from plant oils is likely to decrease ruminal fiber digestion. Based on mean cow BW of 578, 576, and 577 kg and an estimated hay intake of 1.6% of BW, the total diets in our experiment would have contained approximately 4.8, 4.7, and 2.0% dietary lipid for the linoleic, oleic, and control supplements, respectively. Additionally, in Exp. 2, both NDF and ADF digestibility were reduced when steers were supplemented with whole sunflower seed compared with steers that received the soybean hull-based supplement. It is possible that a similar response may have occurred in Exp.1 because the diets fed to steers in Exp. 2 were similar.
The difference in BW change during the treatment supplementation period between cows fed linoleic and oleic supplementation may be explained by differences in fatty acid profile. Scholljegerdes et al. (2004) re- ported that postruminal disappearance of long-chain MUFA and PUFA was greater for heifers fed high-linoleic cracked safflower seed than for heifers fed higholeic cracked safflower seed. Others have also reported that fatty acid digestibility increases as unsaturation increases (i.e., linoleic acid is more digestible than oleic acid; Coppock and Wilks, 1991; Palmquist, 1994) . Although Bottger et al. (2002) reported that BW gain was not different between primiparous cows fed highlinoleic (−16.3 kg) or high-oleic (−32.6 kg) cracked safflower seed for 90 d after calving, their results coincide with those in the present experiment.
Milk Production and Composition. A supplement × calf sex interaction was not detected (P = 0.19) for early-lactation milk production. Additionally, neither supplement nor calf sex (P = 0.29, data not shown) influenced early-lactation milk production (7.2 kg/d). Supplement composition did not alter concentrations of milk urea N (4.8 mg/dL; P = 0.97), protein (2.8%; P = 0.47), butterfat (3.6%; P = 0.35), lactose (5.1%; P = 0.09), or solids-not-fat (9.0%; P = 0.32) measured during early lactation. In agreement with our observations, Alexander et al. (2002) reported that prepartum lipid supplementation had no effect on milk production, percentage of milk fat, or percentage of solids-not-fat measured at 30, 60, and 90 d postpartum.
Calf Performance. No supplement × calf sex interaction was observed for calf birth (P = 0.31) or weaning BW (P = 0.17). Additionally, no differences in calf birth (36 kg) or weaning BW (227 kg) were due to differences in supplement composition fed during mid to late gestation. Steers were 3 kg heavier (P = 0.003) at birth and 10 kg heavier (P = 0.03) at weaning than heifers. In other work at our facility, prepartum oilseed supplementation did not influence calf birth (Banta et al., 2006) or weaning BW (Banta et al., 2006 (Banta et al., , 2008 . Additionally, Hess et al. (2002) concluded that prepartum lipid supplementation had no influence on calf birth or weaning BW.
Cow Reproductive Performance. No differences in days from calving to the beginning of the breeding season (64 d) or days from calving to first AI date (79 d; Table 5 ) were observed among supplements. Percentage of cows exhibiting luteal activity at the beginning of the breeding season was greater for cows fed the control diet (43%) compared with cows fed the linoleic (20%) or oleic diet (16% ; Table 5 ). However, first-service conception rate (67%) and pregnancy rate at weaning (92% ; Table 5) were not different among supplements.
Prepartum lipid treatments have not been reported to influence percentage of cows exhibiting luteal activity at the beginning of the breeding season Geary et al., 2002; Banta et al., 2006 Banta et al., , 2008 . In our study, the reduced percentage of cows with luteal activity in the treatment groups fed sunflower seed may be a result of reduced BW gain and a tendency (P = 0.08) for more BCS loss in the sunflower treatment groups. The effects of prepartum lipid treatment on first-service conception and pregnancy rates have varied. First-service conception and pregnancy rates were not different for cows fed whole sunflower seed (Banta et al., 2006) or whole soybeans (Banta et al., 2008) prepartum. Funston et al. (2002) observed no difference in pregnancy rate in artificially inseminated heifers fed whole sunflower seed for 30 or 60 d prebreeding compared with control heifers. In contrast to our experiment, first-service conception rate (Graham et al., 2001 ) and pregnancy rate were increased for cows fed soybeans prepartum.
Feedlot Performance and Carcass Characteristics of Steers. Supplements fed to dams during mid to late gestation did not influence initial feedlot BW (P = 0.31), slaughter BW (P = 0.31), or ADG (P = 0.26) of steer progeny. Additionally, carcass characteristics of steer progeny were not affected (P = 0.11 to 0.83) by supplements fed during gestation (data not shown). Within a row, means without a common superscript letter differ (P ≤ 0.05). Percentage of cows exhibiting luteal activity at the beginning of the breeding season.
Exp. 2
Intake, digestion, pH, and NH 3 data are presented in Table 6 . Supplement composition did not influence hay intake (1.51% of BW/d; P = 0.25). Dry matter intake was proportional to the amount of supplement provided and thus was greatest for steers fed the soybean hull-based supplement and least for nonsupplemented steers. Apparent DM and OM digestibility values were greater (P < 0.02) for steers fed the soybean hull-based supplement compared with nonsupplemented steers and steers fed high-oleic sunflower seed. Neutral detergent fiber and ADF digestibility values were greater (P < 0.01) for steers fed the soybean hull-based supplement compared with those fed sunflower seeds. Crude protein and lipid digestibility values were greatest for steers fed sunflower seed and were least for nonsupplemented steers. Additionally, lipid digestibility was greater for steers fed linoleic sunflower seed compared with those fed high-oleic sunflower seed. No significant differences were observed in digestible OM intake, except that the digestible OM intake of the soybean hull-based supplement was greater than those of the other supplements.
In the present experiment, no significant difference was observed in hay intake. Most research shows little, if any, reduction in intake when oilseeds are included in the ration or fed as supplements. Coppock and Wilks (1991) reviewed 18 experiments with dairy cows and reported that including up to 25% whole cottonseed (DM basis) in the ration did not reduce DMI. Additionally, supplementation of crushed canola seed (Hussein et al., 1995) or whole soybeans (Banta et al., 2008) did not influence DMI.
Both NDF and ADF digestibility values were reduced in the present experiment for steers fed whole sunflower seed compared with those fed the soybean hull-based supplement. The potential for reductions in fiber digestibility, DM digestibility, or both, especially when dietary lipid concentrations exceed 5%, have been reported (Moore et al., 1986; Byers and Schelling, 1988; Jenkins, 1993) . Scholljegerdes et al. (2004) reported that total tract OM and NDF digestibility values were reduced for heifers fed cracked linoleate or oleate safflower seed compared with heifers fed a cracked corn supplement.
In agreement with our results with steers, total tract CP digestibility was significantly greater for heifers fed cracked safflower seed compared with heifers fed a cracked corn supplement (Scholljegerdes et al., 2004) . In our work, as well as that of Scholljegerdes et al. (2004) , increased CP digestibility was associated with increased CP intake.
It was expected that oilseed supplementation would increase apparent lipid digestibility because of the increased percentage of fatty acids contained in the ether extract of oilseeds compared with the pigments and Within a row, means without a common superscript letter differ (P ≤ 0.05). waxes present in forages (Byers and Schelling, 1988) . Additionally, Palmquist (1994) reported that apparent fat digestibility increases as dietary lipid concentration increases.
As described earlier, the partial digestion coefficient for supplemental fat was calculated for each of the sunflower seed treatments. Partial supplemental fat digestibility was 59.0% for whole sunflower seed rich in linoleic acid and was 49.3% for whole sunflower seed rich in oleic acid. The assumptions associated with this method were that endogenous lipid remains constant and that the digestibility of fatty acids in the basal diet remains constant when supplemental fat is fed (NRC, 2001) .
No supplement × time interaction was detected for ruminal pH (P = 0.25). Additionally, ruminal pH was not influenced by supplement composition (Table 6 ). Although a supplement × time interaction was detected for ruminal NH 3 concentration (P < 0.01), this interaction resulted from differences in the magnitude of increases in NH 3 among supplements over time, so only supplement means averaged across sampling times are reported. Ruminal NH 3 concentration was greatest for steers fed sunflower seed and was least for nonsupplemented steers (Table 6 ).
In agreement with our results, neither safflower seed supplementation (Scholljegerdes et al., 2004) nor soybean oil supplementation (Brokaw et al., 2001 ) influenced ruminal pH. In contrast, Howlett et al. (2003) reported that whole cottonseed and soybean supplementation increased ruminal pH. Others have reported no significant increase in ruminal NH 3 concentration attributable to either safflower seed supplementation (Scholljegerdes et al., 2004) or soybean oil supplementation (Brokaw et al., 2001) . Howlett et al. (2003) observed either no change or an increase in ruminal NH 3 depending on the amount and type of oilseed supplemented.
In conclusion, supplementation of wintering beef cows during mid to late gestation with linoleic and mid-oleic whole sunflower seed was associated with a slight reduction in BW gain compared with a soybean hull-based supplement. However, neither cow reproduction nor calf performance was affected by supplement composition.
